The objective of this study was to determine the influence of Brahman genetics on 18 muscle contractile and metabolic phenotype and postmortem proteolysis. Cattle used in this 19 study represent a continuous spectrum of Angus-Brahman genetic variation. Steers were 20 harvested and Longissimus samples were collected at 1.5 h, 24 h, and 14 d postmortem. 21
Introduction 32
Brahman and Brahman-influenced cattle are widely utilized in the Southeastern and Gulf 33
Coast regions of the United States. Their heat tolerance and parasite resistance, among other 34 adaptations, make Brahman an integral part of cattle herds in sub-tropical climates (Turner, 35 calpain-1 knockout mice show limited postmortem proteolysis (Geesink, Kuchay, Chishti, & 48 . In the presence of Ca 2+ , the 80 kDa subunit of calpain-1 autolyzes to a 76 49 kDa subunit which indicates that the calpain has become proteolytically activated. In postmortem 50 muscle, calpain-1 targets several myofibrillar proteins, including titin, nebulin, desmin, and 51 troponin-T (Huff-Lonergan et al., 1996; Huff-Lonergan, Parrish, & Robson, 1995; Koohmaraie, 52 1992) . Calpastatin, the endogenous inhibitor specific to calpain, is composed of four domains (I, 53 II, III, and IV) that can each inhibit the proteolytic activity of calpain (Goll, Thompson, Li, Wei, 54 caudal to the last costa. A portion of the 1.5 h muscle sample was mounted on a cork and frozen 124 in liquid nitrogen cooled isopentane for histology, and another portion was frozen in liquid 125 nitrogen. At 24 h, roughly 15 g sample was removed from the LL at least 5 cm anterior from the 126 previous location; for the 14 d sample, a 1.0 cm slice was collected and packaged identical to the 127 steaks used for analysis of shear force and sensory evaluation. Muscle samples from all three 128 time points were frozen in liquid nitrogen and stored at -80 °C for subsequent analysis. The pH 129 of the LL was determined at 1.5, 3, 6, 9, and 24 h postmortem with a Hanna HI 99163 meat pH 130 meter (Hanna Instruments, Woonsocket, RI). 131
After initial 1.5 h sampling, hot carcass weight (HCW, kg) was determined, then 132 carcasses received a final wash and were placed in a 0°C cooler. At 48 h postmortem, carcasses 133
were ribbed between the 12 th and 13 th rib and carcass data was recorded. Dressing percentage 134 (DP, %) was calculated as a percentage of the carcass weight over the live weight. Carcass traits 135 evaluated at the 12 th rib were fat over the ribeye (FOE, cm), ribeye area (REA, cm 2 ), and 136 marbling score (MAB; 100 to 199 = practically devoid, 200 to 299 = traces, 300 to 399 = slight, 137 400 to 499 = small, 500 to 599 = modest, 600 to 699 = moderate, 700 to 799 = slightly abundant, 138 800 to 899 = moderately abundant, 900 to 999 = abundant). Kidney, pelvic, and heart fat (KPH, 139 %) was evaluated as a percentage of the carcass weight. Two 2.54 cm thick steaks were removed 140 from the left side of the carcass posterior to the 12 th /13 th rib interface for subsequent analysis of 141
Warner-Bratzler shear force (WBSF, N) and sensory evaluation. Steaks were individually 142 bagged and then placed in heat shrink vacuum bags (B2570; Cryovac, Duncan, SC) and 143 vacuumed sealed with a Multivac C500 (Multivac Inc., Kansas City, MO). Steaks were aged at 2 144 ± 3°C for 14 d postmortem, then frozen at -40°C until further analysis. 145
Warner-Bratzler shear force 146
Steaks used for WBSF measurements and sensory evaluation were allowed to thaw at 2-147 5°C for approximately 24 h prior to cooking. Steaks were prepared according to the American 148
Meat Science Association Sensory Guidelines (Belk et al., 2015) . Copper Cooked steaks used for WBSF were placed on a tray, overwrapped, and chilled at 4 ± 156 2°C for 24 h. After chilling, steaks were trimmed to expose muscle fiber alignment. Six cores 157
(1.27 cm diameter) were removed parallel to the longitudinal axis of the muscle fibers. An 158
Instron Universal Testing Machine (Instron Corporation, Canton, MA) with a Warner-Bratzler 159 shear head (crosshead speed of 200 mm/min) attached to a 490 N load cell was used to measure 160 the force required to shear through the core. Each core was placed so that the sample was sheared 161 through the center of the core, perpendicular to the longitudinal axis of the muscle fibers. 162
Maximum shear force values for each core were recorded and values from all six cores were 163 used to generate a single average shear force value for each steak. 164
Sensory evaluation 165
Steaks used for sensory analysis were removed from the grill and trimmed of any fat and 166 connective tissue. Remaining muscle was sliced on a grid into 1 cm squares that were 167 approximately 2.54 cm thick. Each panelist received two samples per steak and evaluated six 168 steaks in a session. Sessions were held in a positive pressure ventilated room with lighting and 169 cubicles designed for objective sensory analysis. The panel consisted of eight to eleven members 170 trained in accordance with the American Meat Science Association Sensory Guidelines for 171 Sensory Analysis (Belk et al., 2015) . The panelists evaluated each sample for 5 attributes: 172 juiciness (1 = extremely dry, 2 = very dry, 3 = moderately dry, 4 = slightly dry, 5 = slightly 173 juicy, 6 = moderately juicy, 7 = very juicy, 8 = extremely juicy), beef flavor intensity (1 = 174 extremely bland, 2 = very bland, 3 = moderately bland, 4 = slightly bland, 5 = slightly intense, 6 175 = moderately intense, 7 = very intense, 8 = extremely intense), overall tenderness (1 = extremely 176 tough, 2 = very tough, 3 = moderately tough, 4 = slightly tough, 5 = slightly tender, 6 = 177 moderately tender, 7 = very tender, 8 = extremely tender), connective tissue (1 = abundant, 2 = 178 moderately abundant, 3 = slightly abundant, 4 = moderate amount, 5 = slight amount, 6 = traces 179 amount, 7 = practically devoid, 8 = none detected), off-flavor (1 = extreme off-flavor, 2 = strong 180 off-flavor, 3 = moderate off-flavor, 4 = slight off-flavor, 5 = barely detected, 6 = none detected). 181
Enzyme activity 182
Citrate synthase (CS) and lactate dehydrogenase (LDH) activities were determined on 1.5 183 h muscle samples. Powdered muscle was diluted 1:20 (w/v) in buffer (0.25 M sucrose, 1mM 184 EDTA, 10mM Tris-HCl pH 7.4) and homogenized at 5,000 rpm for 10s. Muscle homogenates 185 were sonicated and diluted for determining CS and LDH activity. Citrate synthase activity was 186 determined by measuring the reduction of DTNB (5,5'-dithiobis-[2-nitrobenzoic acid]) at 412 187 nm using a microplate spectrophotometer (Biotek; Winooski, VT) according to Scheffler et al. 188 (2014) . Lactate dehydrogenase activity was determined in homogenates by the decrease in 189 NADH measured at 340 nm. Diluted muscle homogenate (10 µl) was added to 170 µl reaction 190 media (90 mM sodium phosphate, 4.5 mM EDTA, and 0.6 mM NADH, pH 7.5). for BF-32 only) were considered type IIa. Unstained fibers (black) were assumed to be type IIx. 289
Approximately 900 fibers were counted per animal, and MHC fiber type composition was 290 calculated from a ratio of the number of each fiber type over the total number of fibers analyzed. 291
Muscle fiber CSA was obtained using ImageJ 1.46r, and the average CSA of each fiber type was 292 determined for every animal. 293
Statistical analysis 294
Data were analyzed using linear mixed models with SAS-JMP Pro 11. The model for pH 295 decline included postmortem time (1.5h, 3h, 6h, 9h, and 24h) and breed group (1 to 6) as 296 subclass fixed effects and kill day, age at slaughter, and residual as random effects. The model 297 for fiber type composition contained the same effects except for time. The model for all other 298 traits (proteolysis at 24h and 14d, autolysis at 24h, calpastatin content at 24h, fiber area, enzyme 299 activity, sensory, WBSF, and carcass traits) comprised the fixed effect of Brahman percentage 300 (linear covariate), and the random effects of kill day, age at slaughter, and residual. Postmortem 301 time was considered a repeated measure when analyzing pH decline. Breed group least squares 302 means (LSM) and their standard errors were computed for all traits, and compared using 303
Bonferroni's t-tests. A value of P < 0.05 was considered statistically significant. 304 305 3. Results and discussion 306
Carcass and palatability traits 307
Based on previous data from this multibreed herd, crossbred cattle exhibit heavier HCW, 308 larger REA, and a higher KPH when compared to high percentage Angus and Brahman cattle 309 (Elzo et al., 2012) . Of the carcass traits measured (Table 2) , there was only a difference between 310 breed compositions when comparing FOE. The FOE decreased as the percentage of Brahman 311 increased (R 2 = 0.14, P = 0.0228). Cattle were chosen based on finishing at the same 312 compositional endpoint, approximately 1.27 cm of FOE. It is challenging to select animals with 313 the same amount of subcutaneous fat from each breed group to be represented on each slaughter 314 day because these breeds grow at different rates (Turner, 1980) . Despite the difference in fat, 315 there was no difference in the age of the animals at slaughter. There were no differences in 316 
Calpain autolysis and calpastatin content 345
Calpain-1 activity is a major determinant of proteolysis and tenderness. In postmortem 346 muscle, calpain activity is regulated by calcium concentration, calpain autolysis, and calpastatin. 347
In the presence of Ca 
Protein degradation 388
In postmortem muscle, calpain-1 degrades key myofibrillar and cytoskeletal proteins, 389 which disrupts the structure and integrity of the sarcomere, thereby contributing to tenderness 390 
